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EXECUTIVE SUMMARY

‘ THE MAGHETIC FIELDS OF A HORIZCNTAL
ELECTRIC DIPOLE IN A SEMI-INFINITE MEDIUM

OBJECTIVE

The objective of this report is to provide a means of predicting,
interactively, the magnetic fields in a quasi-static range due to a

submerged horizontal electric dipole.

APPROACH

Simple engineering expression were used, or developed, to predict the
magnetic fields. These expressions were programmed in ANSI 77 Fortran to

produce graphics displays on a Tektronix terminal.

RESULTS
The computer programs can be used to find the magnetic fields along

certain chosen paths in the upper half or in the lower half medium. The
corresponding magnetic curves for each path can then be plotted. The
systems which predict the results for DC sources have been utilized

extensively by the David W. Taylor Naval Ship Research and Development

Center, Annapolis, Maryland.

CONCLUSIONS AND RECOMMENDATIQNS

Computer simulations are viable tools to evaluaiz magnetic fields in an

interactive environment.

recommended that the models be modified to include multi-layer effects.

CAUTION: This document was prepared as part of a larger effort. The

contents should not be taken out of context of that larger effort.

In order to fully analyze experimental data, it is
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ABSTRACT

Various formulae for magnetic fields of horizontal electric dipoles

in a semi~infinite medium have been derived. In the interest of

providing the ability to evaluate the magnetic field strength interactively

at on-site field locations, reduced expressions, which are valid in the

quasi-static range, for the magnetic field were used in developing

computer generated plots.

LE A B

= Existing expressions were used to plot the field strength for AC and point
DC dipsles with the receiver either in the medium or above the mecium. In
order to plot the special case of a finite length DC dipole with the

receiver above the medium, the reduced expression had to be derived. These
new expressions, in addition to agreeing with Kraichman's point dipole

expressions which are valid at a distance, also are valid with the receiver

= directly above the source.

ADMINISTRATIVE INFORMATION

LALLM A B b

This project was éhpported by the Annapolis Laboratory of the David 4.

Taylor MNaval Ship Research and Development Center.
INTRODUCTICH

flumerous papers have been published to give various approximate
expressions for magnetic field strengths in various configurations. There
is a growing need to evaluate the magnetic field strengtis instantaneously
and interactively so that curves for magnetic fields at different heights.
different distances, different frequencies, and different orientations in
relationship with the earth's magnetic field can be produced instantly.
In this report, the author's develope a set of computer programs to evai.ate
the magnetic fields generated by a submerged norizontal electric divole.

gnly the quasi-stati range of expressions is considercd throughout the report.




As éhown in Figure 1, 2 horizontal electric dipole (HED) of finite
length L angular freguency w, is located at depth h (h<0) between -L/2 and
L/2 parallel to the x-axis in the positivé x~direction. The plane z=0 -eparates
the upper region (z > 0) of air from the lower region of the conducting medium
with conductivity a and permeability ug. The observétion point (:x.,y,z) is
either in the air or in the medium. For simplicity, Kraichman's .oproximate
formulae(l) and Bannister and Dube's modified image theory resu]ta(z),
instead of the more exact numerical results, are used. A collection of the
reports written by Bannister and his co-worker can be found in ré’erence 3.
The expressions for a finite length DC dipole are derived from mcdified
image theory results as a limiting case of an AC dipole. Rectangular
coordinates are used throughout the report. The cyiindrical coordinate
expressions found in references 1 and 2, are charged to rectangular
coordinates.

The computer programs are written in 77 Ansi Fortran. In each case -
an AC dipole, the compdiér program gives the moduli of each of the three
components, the moduli of the component in the direction of the earth's
magnetic field, the real part of this projection, and the phase of the
projection. In all of the AC cases the frequency is assumed to be 1 Hz,
the dipole current is 50 amperes, and the direction ¢ the earth's magnets
field is in the negative y direction. In the case of a DC dipole. the
computer program gives the three components, and the component in the
direction of the earth's magnetic field. Curves of magnetic fields are
produced by using the graphics package(4) developed for the Textrenix 4051
at the U. S. Naval Academy. The measuring distances, heights, orientations,
and dipole frequencies can be specified interactively at the execution time

of the programs.

2
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Dipole configuration in a semi-infinite medium




The programs arc designed so as to generate output which is stored in

ta files. These data files may then be used for analysis, or they may Serve

as input to the graphics package to plot the curves. This approach was taken

s
i

so that the programs can bz used even if plotting capability is not readiiy

available. A complete listing of all the rrograms with instructions for their -

use can be found in Appendix A. .-

EQUATIONS

Nine different configurations of field strength evaluations will be

discussed. The first six cases pertain to AC sources. HModivied in

age

bbb

i

theory results are used in the first three of these, whiic the second three

f

i

describe the field in Timited ranges. The remaining three cases refer to OC

lﬂih E" Ly

sources.
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(A) Finite length AC dipole subsurface to air propagation (Modified

Image Theory).
(2)

Bannister and Dube

arrived at the following quasi-static formulae

by employing finitely conducting earth-image theory techniques.

These specific expressions are in simple algebraic form, are valid

for the quasi-static range, and can be found on page 10 of reference 2.

y = Lygvah { 1 (dz-bh _ z-bh, 1 (d¥z=bh _ 2-bh,,
(1)
L L L L
4 = Lgvah  d+z-bh 7 X7 __zbh X7 X7 0 X%
y - & Peldrzbm? KL TR T 200 7 o Ry, y2+(x+%)2
d+z-bh  z-bh
{ - 1}
Kip K
(2)
L L L. L
_ 1y _yah 1 7 X2 1 X3 X7,
Hy=-q@e (= 2 ks 2 7 oo -
L yoe(d+z-bh)e M1 M2 yoe(z-bh)¢ t21 22 "
3

Bannister and Dube chose the following values for the constants a and b:

a=0andb =1 for R<c and [h]<<s,

a

a

a

1.0 and b = 0 for R>|3h].

0.30 and b = 0.96 for R/8 less than approximately 1,

0.96 and b = 0.40 for R/S§ between approximately 1 and 10,

The name of the program used to predict the magnetic field strength for

this case is ACF (finite length AC dipole subsurface to air). The output is

shown in Figures 2, 3 and 4.

X = -39.5m, z = 914.4m, and O<

of the three components of the magnetic field.

The field is measured along the path,

y<£5000m.

Figure 2 depicts the absolute values

Figure 3 gives the modulus

of the projection of the magnetic field in the direction of the earth's

field and the real part of that projection.

phase of the projection.

Figure 4 is a graph of the

.
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(B) Point AC dipole subsurface to air propagation (Modified Image

.

Theory).

The expressions for the magnetic field subsurface to air
propagation due to a point AC dipole are given, in cyclindrical cnordinates
on page 6 of reference 2. As pointed out in reference 2, these expressions

can be derived from the corresponding finite length DC expressions (1), (2),

=

and (3), as the measurement distance becomes much greater than the source

length L. In the interest of consistency, the expressions given in

reference 2 have been transformed into rectangular coordinates.

LR e TR A

t = DXL o vah (dr2-h 2:bh , 2 dtz-bh  z-bhy,
e Qo oxv T (2)
2 2 .2
H, = _E_e Yah [(d+Z'bh _ Z"bh) L + ¥y =X (d+2_bh _ Z_bh)]
Yo 4w K3 K3 pe ol |(2 ;\/1
2 . (5)
HZ = .;?_‘-'f/.e yah (..1._ - -:_l_.)
4z K3 (3

The constants a and b are again loosely defined as in Case A. The name of
the program which produces the output for this case is ACP (point AC dipole
subsurface to air). Sawple outputs of ACP are shown in Figures 5, 6 and 7.
A1l the constants, as well as the three output examples, are the same as tie

previous representation for a finite dipole.
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Point AC dipole subsurface to subsurface propagation (Modified

(C)

Image Theory).

The expressions for the magnetic field subsurface to subsurface
propagation due to a point AC dipole are given, in cylindrical coordinates,

on pages 13 and 14 of reference 2. In rectangular coordinates, they become:

o= Pxy {gih (1+yR )e'YRZ + eya(z+h)[2d-2b(z+h) . 2b(z+h) + d-b(z+h)}}
X gmpl RS 2 K, 00 0K K3
PR 4 0 R3 4 (7)
2 . .
H = i; (- zh (1+yR )e"YRl - {zh)xD (1+yR )e'{RZ + e a(2+h){9;§L§in (yz-xz)
y "~ T 23 1 2,3 2 < oF
1 PRy NgP
, b(z+h)(%2-x2> ( deblzeh) x;}
H = DL k! (1+R,) - & 2 (1+yR,) + eva(z*h) 1 1
2 Fmp 3 A | 3 YRo 330
1 2 3 M4 (9)

The constants a and b are determined by:

a=0and b =1 for R2/5<<1,

a =0.4 and b = 0.96 for R2/5 less than approximately 1,

a =0.96 and b = 0.4 for RZ/G between approximately 1 and 10,
a=1and b=20 for p>3|z + h|.

The name of the program is ACPS (point AC dipole subsurface to subsurface).

The sample outputs for this case are shown in Figures 8, 9, and 10. Since this

example is for the case where both the dipole and tihe sensor are subsurface, the

vaiue of z is now z = -5m. The path y is once again chosen as 0<yz5000m.
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(D) Point AC dipole subsurface to air propagation in the range

The next three sets of equations (D), (E), and (F) are valid only

: " |YR{>>1 and R>>|h].

in restricted ranges.
The expressions for the magnetic field subsurface to air propagation

in the range |yR|>>1 and R>>|h| are given, in cylindrical coordinates on

In rectangular coordinates, they become:

1 page 3-22 of reference 1.
Yh 2
- - 3Pxye " .,z
Hy = Ty 3z (1)
P (10)

T w—
Lt i ;?I'H‘i‘h- B ‘-’u;t\'(‘x it

y ény
Yh 2
H, = 2y Sg (Livz-5y)
2ny. R R
(12)

The name of the program for case (D) in ACP1 (Point AC Dipole

Subsurface to Air). Figures 11, 12, and 13 are representative outputs of

this program.
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1‘ (E) Point AC dipole subsurface to air propagation in the range
[yp{>>1, p>>|h|, p>>]z].

! The expressions for the magnetic field subsurface to air propagation
in the range |yp]>>1, p>>|h] and p>>|z| are given, in cylindrical coordinates,
on page 3-24 of reference 1. The expressions are valid only in the vicinity

of the z axis. In rectangular coordinates, they become:

H

P
2 " s o)

2my©o

The program for these equations is named ACP2 (Point AC Dipole
Subsurface to Air). Figures 14, 15, and 16 are included as examples. The

graphs are plotted along the path x = 152.4m, z = 152.4m, and 0<y<5000m.
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(F) Point AC dipole subsurface to subsurface propagation in the range

typl>>1, p>>|h|, and p>>|z].

The range of this case is identical to that of case (E). Th

difference lies in the fact that the observation point is in the lower half

medium as opposed to the upper half.

e

The expressions for the magnetic field subsurface to subsurfac:

propagation in the range |yp|>>1, p>>|h}, and p>>}z| are given, in

cylindrical coordinates, on page 3-24 of reference 1.

coordinates, they become:

The program for this set of equations has been named ACP2S (Point

AC Dipole Subsurface to Subsurface).

Figures 17, 18, and 19.
and 0<y<500Cm.

2wy p

In rectangular

(18)

The sample outputs are shown in

The path of measurement is x = 152.4m, z = -5m,
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' (G) Point DC dipole subsurface to air propagation.
The remaining three programs apply to DC sources only. These
[ programs have been used extensively by the David W. Taylor ilaval Ship

Research and Development Center, Annapolis, Laboratory.

The expressions for the magnetic field subsurface to air propagation
due to a point DC dipole are given, in cylindrical coordinates, on page 3-3§

of reference 1. In rectangular coordinates, they become:

ot
—~—
P
(Ve
S

H = - 1
Yol R S (20)
] - Py

Hy = 3

4Ry (21)

The program for this set of equations is called DCP {Point GC Dipole
Subsurface to Air Propagation). The sample graphs for this case are labeied

Figures 20 and 21. The path for Figure 20 is x = 304.8m, z = 914.4m, and

to be 0.0lm. Tne variables z ang y are the same for both figures.

-2500%y<2500. Since the equation has a sinqularity at the origin, x was chgsan
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(H)

Finite length DC dipole subsurface to air propagation.

The magnetic field expressions (1), (2), and (3) for a

finite length AC dipole can be used to derive the corresponding DC

yah

expressions. As dro, e’ "1, and b = 1, we have:

d*z-bh 4 d+z-bh ,

K12

o= 1Y 1 (X+§ - x-§)
2 Bz K K (22)
Equations (22), (23), and (24) give the magnetic field components

for a finite length DC dipole. When the finite length L is much less than

the measurement distarce, we have:




bk

Consequently, equations (22), (23), and (24) reduce, respectively, to the

point dipole equations (19), (20), and (21).

e i s Sosfiri
, it

The name of the program for this set of equations is DCF (Finite
Length DC Dipole Subsurface to Air).

Figure 22 shows the magnetic fields due to a DC dipole of length
50m, located at a depth of 76.2m, for the path z = 914.4m, x = 304.8m, and
-2500m<y<2500m. The earth's magnetic field direction in the xy-plane forms

an angle of 1.5 radium relative to the x axis. Figure 23 gives the

corresponding curve for a point DC dipole. Figure 22 and Figure 23 show that
along this path, the finite Tength dipole results are in very good agreement
with corresponding point dipole results. The point Jdipole equations (19), (20},
and (21) have a singularity at the origin. Therefore, they are not valid near
the z axis. Figures (21) and (23) point out the discrepancy encountered when
the observation path is near the z axis. Both figures are measured at the
same heignt, z = 914.4m, and y is bounded by, -25005y<2500. Even though the
values for x are very close to each other, 0.00m and 0.0lm, the magnetic
tield strengths appear to be vastly different near the z axis.

The finite dipole equations (22), (23), and (24) predict magnetic
fields close to that predicted by the point dipole equations when the
observation points are away from the origin. In addition, they do not have

a singularity at the origin.
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Point DC dipole subsurface to subsurface propagation.

The expressions for the magnetic field subsurface to subsurface

propagation due to a point DC dipole are given, in cylindrical coordinates,

on page 3-4 of reference 1. In rectangular coordinates, t.ey become:

=+ 1)1
Ry

s~
(AN
W
—

(26}

(27)

The name of the program is DCPS (Point 9C Dinole Subsurface to

The path of

Subsurface). The appropriate graph is given in Figure 24.

measurement is z = -5m, x = -39.5m, and 0 < y < 5000n.
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DISCUSSION

The computer programs can be used to find the magnetic fields along
certain chosen paths in the upper half or in the lower half mediun. The

corresponding magnetic curves for each path can then be plotted. The systems

[N
i

which predict the results for DC sources have been utilized ex*ensiv

o

by the David W. Taylor Naval Ship Research and Development Center, Annapolis.

iMaryland.
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APPENDIX I

Operating Instructions and Program Listings

OPERATING INSTRUCTIONS

The programs are intended to be run in an interactive mode. Data which
is required for each individual program is requested by the program at run
time. Depending on the particular program which is being run, the user will
be required to furnish the values of some combination of the following
parameters:
(a) The height of the measurement path, that is, the value of z.
(b) The values for the constants a and b, required when using Modified
Image Theory.

(c) The range of the y value of the measurement path and the increment
along that path.
The angle of the earth's magnetic field direction. The angle is
assumed to be in K % radians, but the user need only provide the
value for K.

Tne output of the programs is stored in data files. Each AC program

writes into three files; one for Hx’ H

y and HZ; one for Ht and Hr; and the

third is used to store the phase. Each DC program requires only one output

s
file. Hx’ Hy, HZ and Ht

provide input to TEKGRAF2, a graphics plotting package developed at the

are all stored in this file. These files may now

United States Naval Academy. Reference 3 provides operating instructions

for this package.
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MODIFIED IMAGE THEORY FOR FINITE LENGTH AC SUER TO AIR
NUSC REPORT 5647

COMPLEX FUNCTION HX(FREQsXs2Y»Z)

COMPLEX ZDBrZDBVsK11sK12

COMPLEX COEFF »GAMMA

REAL K21,K22

REAL LENGTH

COMMON DEPTHyLENGTHsCURENT»ACONsBRCONsPI

GAMMA = CSQRT(CMPLX(0.0yFREQX(PIXX2)%X32.E-7))
XLP = X + LENGTH/2

XLM = X — LENGTH/2

ZB = Z ~BUONXDEPTH

ZpB = Z + 2/GAMMA - BCONXDEPTH

il

i

At

XLPY = XLPXX2 + YXx%2

XLMY = XLM¥X2 + Yixk2

ZDBY = ZDBXX2 + YX%2

ZBY = ZBX%2 + YXx2

K11l = CSART(XLFXx2 + ZDRY)
K12 = CSART(XLMXX2 + ZDRY)
K21 = SQRT(XLFXX2 + ZRY)
K22 = SQRT(XLMXX2 + ZRY)

COEFF = YXCURENT % CEXP{(GAMMAXACONXDEFTH)
1 HX = 100.X%COEFFX((ZDB/K12 ~ ZB/K22)/XLMY - (ZhB/K11 - ZB/K21)/XLPY)
RETURN
END
COMPLEX FUNCTION HY(FREQsXrY»2Z)
COMPLEX ZDRsZDRYsyK11sK12
COMPLEX HY1sHY3»HY4,GAMMAy YCOEFF
REAL K21,K22
REAL LENGTH
COMMON DEPTHsLENGTHsCURENT »ACON+BCONsFI
GAMMA = CSART(CMPLX(0,0sFREQX(FIXX2)%X32.E-7))
XLP = X + LENGTH/2
XLM = X — LENGTH/2
ZB = Z -BCONXDEFTH =
ZDB = Z + 2/GAMMA -~ BCONXDEFTH :

-

w ; 7
i K
ol At i

XLPY = XLFX%2 + YX%2

XLMY = XLMXX2 + YX%2

ZDBY = ZDRXX2 + YX%2

ZBY = ZBXX2 + YX%2

K11l = CSQRT(XLP%%2 + ZDBY)
K12 = CSORT(XLMX%X2 + ZDRY)
K21 = SART(XLPX%X2 + ZRY)

K22 SART(XLMX%2 + ZRY)
YCOEFF = CURENT % CEXP(GAMMAXACONXDEFTH)

2 HY1 = (XLP/K11 - XLM/K12)XZDE/ZDRY
HY2 = (XLF/K21 - XLM/K22)%XZB/ZRY
HY3 = (ZDB/K11 - ZB/K21)XXLF/XiPY
HY4 = (ZDB/K12 ~ ZB/K22)XXLM/XLMY

L S S e

HY = 100, XYCOEFFX(HY1-HY24+HY3-KY4)
RETURN
. END

=

AN

07/21/80 13:51:44
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(Pade 2)

COMPLEX FUNCTION HZ(FREQs»XsY2Z) 2
COMPLEX ZDRsZDBY-K11,K12 - B3
COMPLEX GAMMALCOEFF

REAL K21,K22 -
REAL LENGTH

COMMON DEPTHsLENGTH, CURENT+ACONs BCONSFI

GAMMA = CSORT{(CMFLX(0.0yFREQX(FIXX2)%X32.E-7))

XLF X + LENGTH/2

XL# X — LENGTH/2

Zk = Z -BCONXDEPTH

ZDR Z + 2/GAMMA - BUONXDEPTH

ZDRY = ZDBX%2 + YXX2

ZBY = ZBXX2 + YXX%2

Kii = CSORT(XLFxX2 + ZDBY)
Ki2 = CSORT(XLMX%2 + ZDEBY)
K21 = SQRT(XLF*X2 + ZEY)

SORT{XLMXX2 + ZRBY)

COEFF = YXCURENT % CEXF(GAMMAXACONXDEFTH)

HZ = 100.XCOEFFX((XLF/K11 -XLM/K12)/ZDBY - (XLP/K21 -~ XLM/K22)/in:
RETURN

ENL:

COMPLEX FUNCTION HT(FRERrXsYsZ»BETA)

COMPLEX HXrHYsHZ

SBETA = SIN(BETA)

CRETA = COS(RETA)

HT = HX{(FREQ:XsYsZ)XCRETA/1.76 —0.823XHZ(FREGs»X2YeZ)
HT = HT + HY(FREQsX»YsZ)XSBETA/1.76

RETURN

END

FUNCTION HP(FREQsXsYsZsBETA)

COMPLEX HXsHYsHZyHT

HF = ATAN(AIMAG(HT(FREQsXsYsZsRETA))/REALCHT(FREQsXsY+ZsREIRD D
RETURN

END

FUNCTION HR(FREQrXsYsZsBETA)

COMPLEX HXyHYsHZ

SRETA = SIN(BETA)

CRETA = COS{(RETA)

HR = REAL(HX{FREQsXrsYsZ)YXCRETA/1.76 - 0.B823¥REAL(HZ(FREQsXsYsrZ))
HR = HR + REAL(HY(FRER:X.Y:713%SRETA/1.76

RETURN

END

COMMON DEPTH.LENGTHsCURENTsACON,BCONsFPI

COMPLEX HXsHY-HZsHT

REAL LENGTH

DEFTH = -75.2

LENGTH 0.

CURENT = 1,00

PI = 3,14153°9

X = -3%9.5

OFEN (1s*ACFFD*,ACCESS="ASCII®")

OPEN (2:*"ACFFPFD",ACCESS="ASCII®)

R22
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ACF (Psde 3)

OPEN (3+"ACFTFD®»ACCESS="ASCII")

10

20

30

40

S0

60

100
200

HHWE e e

La

il

——y A

W s,

R il

FREQ =
PRINT,
INFUT,
PRINT»
INPUT,
PRINT»
INPUT
PRINT»
INPUT»
BETA =
Do 10
AHX =
WRITE
WRITE
bpg 20
AHY =
WRITE
WRITE
DO 30
AHZ =
WRITE
WRITE
Do 40
AHT =
WRITE
WRITE
oo S0
WRITE
WRITE
Do 60
WRITE
WRITE
CLOSE
CLOSE
CLOGSE

1
*WHAT IS THE HEIGHT IN METERS®
Y4
*WHAT IS THE LIMIT FOR Y AND ITS INCREMENT®
LIMIT,INC
*WHAT ARE THE VALUES FOR A7 AND FOR E*
ACONyBCON
*WHAT IS THE ANGLE FOR EARTH MAGNETIC FIELD®
ANGLE
ANGLEXFP I
Y = 0.01yLIMITSINC
CABS(HX(FREQsX»Y+2Z))
{(1,100) YsAHX
(1+200)
Y = 0,01,LIMIT,INC
CABS(HY(FREQsX»Y+Z))
{i+100) YsAHY
{1»200)
Y = 0.01,L IMIT2INC
CABS(HZ(FREQsXr»Y9Z))
(1,100) Yy AHZ
(1,200)
Y = 0.01,LIMITSINC
CABRS(HT(FREQs X2 Y9 Z+yBETA))
(39100) Ys AHT
(32,200)
Y = 0,017LIMITSINC
(32100) Y HR(FREQsXsY+sZyBETA)
(32000
Y = 0.01yLIMITSINC
(29100) Yy HP(FREQsXrY2Z+BETA)
(2,y200)
1)
(2)
3)

FORMAT (1PF10.3s1Hy»1PE10.3)

FORMAT
END

¢7/21/80
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MONIFIED IMAGE THEORY FOR INFTNITESIMaAL AC HED
SURSURFACE TO AIR FROPAGATION

BANNISTER REFORT 5647

COMPLEX FUNCTION HX(FREQsX»Yy2Z)

COMPLEX ZUByK2yHX1yHXD2: GAMMA

COMFLEX COEFF

REAL R1-FI

COMMON UEPTHrACONsBCONYFSFI

GAMMA = CSQRT(OMPLX(Q.0yFREQX(FIXX2)XID.E-7))
ZR = Z -~BCONXDEFTH

ZOR = Z + 2/GAMMA -RBCONRDEFTH

COEFF = F X CEXF(GAMMAXATUNXDEFRTH) /7 (4XFI)

RHO = SQRT (XXX + YXX2)

K1 = SQRT(RHOXX2 + Z&xk2)

R2 = CSQRT(RHOXX2 + ZIBXXD2)

HX1 = ZDOR/(K2%X3) - ZR/(K1%X3)

HX2 = (ZDB/KN2 - ZB/R1IRZ/(RHOXXD)

HX = 400, XF1XCOEFFXXXYX(HX1 + HXD)/(RHOXXZ2)
RETURN

END

COMFLEX FUNCTION HY(FREQ:-X»Y»Z)

COMPLEX ZDEsR2sHY1HY2yGAMMA

COMPLEX HY1sHY2sHX1,HXZrGAMMA

COMPLEX COEFF

REAL RisPI

COMMON UEPTH ACONRBCONYFyFI

CAMMA = CSQRT(CMPLX(0.0yFREQX(PTXX2)X32.E~-7))
ZB = Z -RCONXDEFTH

ZDB = Z F 2/5AMMA - BCONXDEFTH

REO = SART(X¥XZ + YXk29

N1 = SQRT(RHOX¥D2 + ZERXX2)

K2 = COOQRT(RHOX¥Z + ZDERXX2)

COEFF = P % CEXF(GAMMAXACONXDEFTH)/ (4XFT1)

HY1 (ZDEB/(R2KK2XN2) ~ ZR/(K1IKKIXRKD) ) XXXY/ (RHOXXD)
HY2 CZUB/RNG = ZB/RIVROYRED - Xd¥2) /(RHMRXA)
HY = 400.XPIXCOEFFX(HY1+HY2)

END

COMPLEX FUNCTION HZ(FREQ«XyYsZ)

COMPLEX ZDH,32vGAMMA

REAL KisF1

COMMON DEFTHsACONyRCON:FFI

CAMMA = CSQRT(OMPLX(O.OyFREQX(FIXX2)X3I2.E-7))
ZB = Z ~BCONXDEFTH

ZOR = Z + 2/GAMMA - BCONXLDEFTH

RHO = SQRT(X%%2 + Yx%2)

K1 SART (RHUX%2 + ZBXX2)

2 CRORTIRHOKX2 + ZIBXX2)

COEFE = Pk CEXF(GAMMAXACONXDEFTH) / (4%F1)
HZ = 400 XFTXYRCOEFFX(1/(K1%X3) - 1/(K2%X%3))
RETURN

END

COMFLEX FUNCTION HT(FREQsXyYr»ZyBETA)
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(Fadge 2)

COMPLEX HXsHYsHZ
SERETA = SIN(RETA)
CBETA = COS(BETA)
HT = HX(FREQyXsYrZ)XCBETA/1.76 + HY(FREQyXyYr»Z)XSBETA/1.764
HT= HT-0.823%XHZ(FREQ+XsYrZ)
RETURN
END
FUNCTION HP(FREQsXyYsZyRETA)
COMPLEX HXsHYyHZHT
HF = ATAN(AIMAG(HT(FREQyXyY»ZyBETA) ) /REAL (HT(FREQs XY ZyRETA)))
RETURN
END
FUNCTION HR(FRER+XrYsZsBETA)
COMPLEX HXrsHY»HZ
SRETA = SIN(ERETA)
CBETA = COS(RETA)
HR REAL{HX{FRER»XrY»Z))XCBETA/1.76 E
HR HR+REAL (HY(FREQsX»Y2»Z) YXSBETA/1.76
HR HR - 0.823%REAL(HZ(FREQyX»Yr»Z))
RETURN
END
COMMON DEFTHyACONsBCONsFsFI
COMPLEX HXyHY9sHZ s HT
X==39.,5
DEPTH = =76.2 3
FI = 3.14159 =
P = 50,0
OFEN (1 ACPFD"ACCESS="ASCII")
OPEN (Zy"ACPPFI" yACCESS="ASCII")
OPEN (3y"ACPTFD®yACCESS="ASCII®)

Ao

ik

B

N B A iy

1)

W

"
il

[l

i

FREQ=1.,0 E
FRINTs "WHAT IS THE HEIGHT IM METERS® g
INPUTyY 2 §
LIMIT=5000 E
INC=100

PRINTs *WHAT ARE THE VALUES FOR AT ANI! FOR B"
INPUTY AUONsBLON

PRINTy °*WHAT IS THE ANGLE OF THE EARTH MAGNETIC FIELD®
INPUTs ANGLE

BETA = ANGLEXPI

RO 10 Y = 0,01 ,LIMITsINC

AHX CABRS(HX(FREQyXsYyZ))

WRITE (1,100) YsAHX

WRITE (1,200}

N0 20 Y = 0.01yLIMITYINC

AHY CABS(HY(FREQ»XrsY+¢Z))

WRITE (1,100) Yy AHY

WRITE (1,200)

DO 30 Y = 0,01,LIMITYINC

AHZ = CARS(HZ(FREQsXrYsZ))

30 WRITE (1,100) Y» AHZ

WRITE (1,200)

LAt g S S

1}

"

e e
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ACF {(Fage 3)

npo a0
AHT =
40 WRITE
WRITE

G

Y o= 0,011 IMTT> INC
KQ§QQh|(fPhﬂvX7Y:7r RETA)
(35s100) Y, aH]

(Z+200)

Y= 0,01 vl IMIT, I~

(e300 v, HEe (P &2 3 Xe Yy ZsRETA)
(2200
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AC: ¢

MODIFIED IMAGH

NUSC REPORT

COMFLEX fFUNCT

COMPLEX HXiy
COMFLEX [EXF2
REAL KTHREE

COMMON UEPTH.

GAMMA = CSGAR
ZHP FARE BN 5

D7Z% = 2/7GAMM
RED = SQRT(X
RTUWO =

EXP2 = CEXF(

EXPZ = CEXF(
KTHREE = SOR
K QUR = CEOR

Hil = ZHPF%(1
H¥2 = 2xDZE/
H22 o= HXDZ o+
Hio = 100.%Fx
RETURN

END

COMPLEX FUNC
COMPLEX BHBY1.
COMPLEX EXi&2,
REAL KTHREL
COMMON DEPTH
GAMMA = CSGRT
-~ Qg
7 4+ IE
2/ GAMMS
= SARTX
RONE = SQRY
RTWO = GRRT(
EXF1 == LEX{
= CEXM{

B V5

iN

I
I
inoyonou
N

EXFZ = L;A;\

KTHREE = SORY
KFOUR = C8OR

—ZHML
~ZHF % (
nzBe Y
HY3 -+
HY3 aXPZk\
HY = 100.%¥x%
RETURN

END

COMPLEX FUND
COMPLEX HZi-

X y
~<
Ol

LI O I I 14

REAL KTHREE
COMMON DEPTH

07/21/80

THEORY FOR POINT AC SUB T0O SUR
Q64
TON HX(FREQe XY r2)

Fx

rEXPZ e GAMMAY DZE» KFOUR

ACONy BCON P ]
TCOMPLX (0, Oy FREQX (F IN0K
FThH

A - ROONZIRF

XRZ 4+ Yuk2)

“X32,E~7))

SORT(RADMKZ + ZHPXX2)

GAMMAYRTWD)
GAnMaxaUONKZHE)
TORHO%%2 + (BCONXZHP ) X%2)
FORHORR2 + DZD%X2)
T GAHMMARRTWOIXEXF2/ (RTWOXX3)
(KFOURK (RHO%%2) ) + 2%BLONXZHP/ (KTHREEX (RHOXX2))
uZn/s IKFOURXX3)
XRY¥ (HX1 + EXFZXHX2)/ (RROXX2)

TION HY(FREQsX»YrZ)
"‘E.-_eﬂl/qu)(rl
FHUPZ s GAMMA DZEBy KFOUR

;ECORSBCONYPoFI
{CMFLX(O.OyFREQX(FPIXX2)X32.E~7))

FTI

T

f o~ ROCONXTHP

W2 b YX%X2)

IRNIGHEH2 + ZHM¥AD)

FeAORAD 4+ ZHFPXX2)

~GHMMAXRONE)

~LAMMAXRTWD)

GAMMAXACONKZHF)

(E0%K2 + (BCONXZHP Y %%2)

VORBEONKZ 4+ DZR%%2)

1t GAMMAXRONE) XEXP L1/ (RONEX%X3)

A2t 4+ GAMMAXRTWO) XEXP2/ ((RHOXX2) X (RTHWOXX3) )
RK2 ~ XRN2)/ (KFQURX{RHOXX4))
BUONKZHFX(YX%2 —~ XXX2)/(KTHREEX(RK:%X%4))
HY3 4 (YxXx2)%DZB/ ( (KFOURXX3) X (RHO% %2)))
{HY1 + HY2 + HY3)

TION HZ(FREQsX»Yr2Z)

HZI2sHZ3sEXP1
COMPLEX EXF2,

EXFZyGAMMA»DZERy KFOUR
rGCON» BCONY Py FPI

14:046:40
A7
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(FPade )

GAMMA = CSART(CMPLX (0, 0y FREQX(FIXX2)X3I2.E-7))

ZHM = Z ~ DEFTH

ZHF = Z + DEFPTH

LZE = 2/GAMMA -~ RCONXZHP

RHO = SORTXXX2 4 Yx»a™»

RONE = SQRT(RHUOX¥2 1 <HMXXD2)
RTWG = SQRT(RHOXX2 + ZHPXX2)
EXF1 = CUEXP(-GAMMAXRONE)
EXPF2 = CEXF(~-GAMMAXRTWG)
EXFZL = CEXF{GANMAXACONXZHE)

RTHREE = SQRT(RHOXXD + {RBCONXZHP )Y %%X2)
hFUUR = COQRT (RAHOXX2 + LZBXX2)
EXF1X(1 + GAMMAXRONE)/ (RONEX%3)

§=

nNaetl =
HZZ = EXF2¥cl + GAMMAXRTWO) / (RTWOXXZ)
HZ3 = EXPIX{L/(RTHREEXX3) - 1/(RKFOURX%X3))

HZ = 3100 %FRYX{(HZ1 - HZ2 + HIZI3)/RHO
RETURN

B¢l

COMPLEX FUNCTION HT(FREGsXsYrZsRBETA)
COMPLEX HXrHY-HZ

SHETA = SIN(BETA)

CRETA = COS(RETAD

HY = HX(FREQs XY+ ZIXCRBETA/1.76 — O.823KHZ(FREQsXeY»Z)
HT = HT + HY(FREQ»XsyY+Z)XSRETA/1.76
RETURN

END

FUNCTION HP(FREQ+XyYyZyBETA)

COMPLEX HXeHYsHZsHT

HF = A1ANC(AIMAG(HT(FREQsXyYsZyBETA) Y /REAL (HT(FREQs Xy Y+ ZsRETA "

RETUREN

END

FUNCTION HR(FREQesXeYr¢7sBETAD
COMPLEX HN-HY-HZ

SEETA = SIN(RETA)

CRETA = CUS(RETA)

HR = REAL(HX(FREQsXsYsZ))XCBETA/1.76 — C.B23KF AL (HZ(FREGs X5 -

HR = HR + REAL(HY(FREQ:XsV+Z))XSRETA/1.76
RETURN
END
COMMON DEFTHrACONYRBCONe P FI
COMPLEX HXsHYsHZsyHT
X=76.2
DEFTH = ~76.2
FI = 3.,14159
= 50.0
OFEN {1:*sCFSFN* s ACCESS="A8CII™)
OPEN 2= "=<LFSPFL»ACCESY="ASCII")
OPEN(3: *ACPSTFI" »ACCESS="ASCIT™)
FREG=1
RINT: *WHAT IS THE HEIGHY IN METERS®
TNPUTy Z
FRINT: *WHAT IS THE UFPER LIMIT FOR Y AND ITS INCREMENT®
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ACFS (Pade 3)

INPUTs LIMITYINC
FRINTy “WHAT ARE THE VALUES FOR A7 AND FOR R"
INFUT, ACON»ERCON
PRINTs "WHAT IS THE ANGLE OF THE EARTH MAGNETIC FIELD®
INFUT» ANGLE
BETA = ANGLEXPI
DO 10 Y = 0.01,LIMITSINC
AHX = CABS(HX(FREQsXsY+Z))

10 WRITE (15100) YsAHX
WRITE (1,200)
B0 20 Y = 0.01,LIMIT»INC
ARY CARS(HY(FREQsXrYs2))

20 WRITE (1,100) Yy AHY
WRITE (1,200)
00 30 Y = 0.01yLIMIT,INC
AHZ = CABRS(HZ(FREQsX+Y+Z))

30 WRITE (1i,100) Y» AHZ
WRITE (1,200)
DO 40 Y = 0.01,LIMITyINC
AHT = CARS(HT(FREQsXrYrZsBETA))

40 WRITE (3,100) Ys» AHT
WRITE (3,200)
D0 50 Y = 0.01yLIMITSINC

50 WRITE (3y100) Y, HR(FREQsrXr»YyZyBETA)
WRITE (3,200)
DO 60 Y = 0.01,LIMITsINC

60 WRITE (2,100) Y HP(FREQyX»YsZsRETA)
WRITE (2y200)
CLOSE (1)
CLOSE (2>
CLOSE (3)

100 FORMAT (1PE10.3+1Hss1FE10.3)
200 FORMAT (11H1.E3751.E37)

END
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ACF1

X AC DIFOLE N QUASTI-NEAR RANGE» SUER TO AIR
X TARLE 2,13, KROATOCHMAN
COMPLEY FUNCYINON MXCFREQYy Xy Y ¥ 7))
COMMON TEFTHe L P
COMELEX GAMMA
RHO = SRRTOXXXD? 4 Y¥g.)
o= SORTORBOPYD 4 Z2X%D)
OAMMA = CSORTOUMPLXACO Oy FREQX (I IXX2)IX32,E~7))
HX = /00 TeGaMMa)
HX o HXXOCEXFLEAMPARDER TH)Y /S (RXX3)
CHX = OO0 EFTEHYRTIR(L L0 - (ZEKD) S RXEI) IR CXKY )Y/ (RHOXX%2))
RETURN
BN
COMPLEX FUNCTTION HY(FREQsXsY-2)
COMMON NEFTHLET .
COMPLEX GArMA
FHO = SORTO7EXD v YEXD)
oo JUrVifnOxEl b ZHR2 .
GAaMMA = COGRTCHFLX (O, 0y FREQE(FIXX2IXIDE-7))
HY = P/l TRGAMMAD
HY = A40¢, #H I1xHYSOEXF (GAMMAXTEFTHY /(R¥%X3)
HY == HY % 2R (YEE2Y =~ (XEXD2) - (IR (TZRX2INCYKRK2) /(R¥%Xk2)))/ (RHO%#%2)
RETURN
END
COMPLEX FUMBCTION HZ(FREQyXsYr2Z)
COMMON DEFiIHPT P
COMPLEX GAMMA
RHO = S[CERT Xy%" 1+ Y¥X2)
o= SORT(RHUX¥2 { ZXKXD2)
GAMMA = OGNRT O H#SL YOO, 0yFREQDX(FTXA2IXRI2,E-7))
HZ = X oui s 2%P UaGaMaxGAatma
HZ = HZuYSOEXP(OAMMAYIERTHY / (RX¥S5
HZ = aGC, @ TyH 20 (O (GAMMAXZ Y Sk (ZX¥2) / (RX%k2))
RE TURH
Eny \
COMPLEXY TUMCTION HY(FREQy XY Z-RETA)
COMPLEX MM HY 1)
SEHETA = SIMBETAH?
CRETA = 09 8CTa)
HY = HX(FRUOD,y Xe7» IYXCRETA 0L 7, —~ JOR2IKHZ(FREQs Xr Y 2Z)
HT = HT + MY(FREQ X+ Y TYR5T0/1,.76
RETURN
END
FUNCTION HH(FREQ» XY sZ+sBETA)
COMPLEX HXHY M7, HY
HPF = ATANC(AIMAT T HUT(FREQs XY »Z+BETA) ) /REAL(HT(FREQs Xy Y+ Z+sEETA) S
RETURN
ENTI \§
TUNCTY } HR{FREQe XY ZyBETA)
FUNCTION OOQ

T

COMPLEX HY s HY ¢ HZ
SHETA = SINCBETA) \&
CRETH = COS(RETA) ‘\.ap

07/21/80 *LVN
a0 QP
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ACP1

10

30

40

60

100
200
END

(Fage 2)

HR = REAL(HX(FREQsXyY?»Z))KCRETA/1.76 — 0.823%REAL(HZ(FREQsXrYrZ))

HR = HR + REAL(HY(FREQsXrsY+»Z))%XSRETA/1.76
RETURN

END

COMPLEX HXsHYsHZyHT

COMMON DEPTHsFIsF

DEFTH = -76.2

X=~39.5

PI = 3.14159

F = 50.0

OPEN (1s“ACIFD°’ »yACCESS="ASCII")

OFEN (2y"ACIFFII" yACCESS="ASCII")
OPEN (3s"AC1TFD® »ACCESS="ASCII")
FREQ=1.0

FRINT: "WHAT IS THE HEIGHT"

INFUT, Z

PRINT, "WHAT 7S THE LIMIT FOR Y AND ITS INCREMENT®
INPUT, LIMIT».C

PRINT, °*WHAT IS THE ANGLE OF EARTH MAGNETIC FIELD®
INFUT» ANGLE

RETA = ANGLE % FI

DO 10 Y = 0.01LIMITYINC

AHX = CARS(HX(FREQsXrYsZ))
WRITE(1+100) Yy AHX

WRITE (1,200)

ng 20 Yy = 0.01,LIMIT.INC

AHY = CABRSC(HY(FREQsX»Y»Z))

WRITE (1+100) Ys AHY

WRITE (1,200)

00 30 Y = 0,01,LIMITYINC

AHZ CABS(HZ(FREQsXrY+Z))

WRITE (1,100) Yy AHZ

WRITE (1y200)

O 40 Y = 0,01LIMITyINC

AHT = CABS(HT(FREQsX»YsZyRETA))
WRITE (3,100) Ys AHT

WRITE (3,200)

Mo 50 Y = 0.01»L.IMITyINC

WRITE (35100) Yy HR(FREQsX»Y+ZyBETA)
WRITE (3,200)

00 60 Y = 0.01,LIMITYINC

WRITE (2:,100) Yy HP(FREQysX»YsZyRETA)
WRITE (2,200)

CLOSE (1)

CLOSE (2)

CLOSE (3)

FORMAT (1FE10.391Hs»3iFE10.3)

FORMAT (11H1.E37+1.E37)
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ACP2

X AC DIFOLE IN QUASI-NEAR RANGE

% TABLE 3.15,KNRAICHMAN
COMFLEX FUNCTION HX(FREQsX,Y,Z)
COMMON DEFTH,FI.F
COMPLEX GAMMA
RHO = SORT(XKX2 + YX%1)
GAMMA = CSRRT(LMPLX(0.0yFREQX (FIXX2)%32,E~7))
HX = (3%F)/ {2XFTXGAMMA)
HX = HXYXCEXF (GAMMAKDEFTH)/ (RHOXX3)
Hx = 400, XFI¥HXFXXY/ (RHOXXD)
RETURN
END
COMPLEX FUNCTION HY(FREQyXrYrZ)
COMMON DEFTH,FIvF
COMPLEX GAMHA

= SRRT(XKAD + YD)

GAMMA = TSRRT(CMFLX(0, 0sFREQK (FIXX2)X32,.E~7))
HY - v ORFLEGANMA)
HY = 400, %F IXHYACEXF (GAMMAXDEFTH) / (RHO¥%3)
HY = HY % CO2ROYRE2) )/ (RHO¥X2Y - (XKK2)/ (RHOKXD) )
RETURN
END
COMFLEX FUNCTION HZ(FREQsXrY»sZ)
COMMON DNEFTH,FI4F
COMFLEX GAMMA
RHD = SORT(X¥X2 + YKX2)
BAMMA = CSBRT(CMFLX(0,0,FREGX(FIXX2)X32.E~7))
HZ = 3.%F/2%FI¥GAMMAXGAMMA)
HZ = HZXYXCEXF (GAMMAXLEFTH)/ (RHOXXS)
HZ = 400, XFI¥HZX(1.0 + CAMMAXZ)

RETURN

END

COMPLEX FUMTTION HT(FREQsX»Y Z+RETAQ)

COmPLEX Ha=HYsH

SRITA = SIN(BETA?

CRETA = COS{(RETA}

HY = HX(FREG:X«Y+Z)XCBETA/1.76 - O S23XHZFRET +XsYe )
HT = HT + HY(FREQ:sXsYrZ)KSEBETAL.76

RETURN

END

CFUNCTION HF(FREQsX»Y-Z-3L 74
COMPLEX HXeRY«HZ:HT
HF = ATAN{AIMAG{YT(FRER, Xy Y- ZsRETA) ) /REAL(HT(FREQrX:YsZsBETA) )

RETURN
END
FUNCTION HE{"REG-Xs»YyZyBETA)
COMPLEY Hz.HYHZ
SRETA = SIN(RETA)
CHETA = COS{RETA)
HR = RENL{HX(FREQ,yX:YsZ)IXCRETA/1.76 - 0.B23XREAL(HZ(FREQ+X-Y 1}
HR = HR 4+ REAL(HY(FREQ:XsYsZ))X¥SEETA/1.76
RETURWN
07/ e} 147111157 =




ACP2 (Fade 2)

END

COMPLEX HXyHYsHZsHT
COMMON DEPTH,FIsP
DEPTH = -76.2

X = 152.4
PI = 3.14159
P = 50.0

OPEN (1»"ACP2FL*yACCESS="ASCII")
OPEN (2 *ACP2PFDI* y ACCESS="ASCII")
OPEN (3y"ACP2TFD*®" yACCESS="ASCII")
FREQ = 1.,

PRINTy "WHAT IS THE HEIGHT®

INPUTy Z

PRINTs “WHAT IS THE LIMIT FOR Y AND ITS INCREMENT®
INPUTy LIMITsINC

PRINTy "WHAT IS THE ANGLE OF THE EARTH MAGNETIC FIELD®
INPUT» ANGLE
BETA = ANGLEXPI
N0 10 Y = 0.01yLIMITSINC
AHX = CABS(HX(FREQrXrYsZ))
10 WRITE(1,100) YV, AHX
WRITE (1,200)
D0 20 Y = 0,01 yLIMITYINC
AHY = CABS(HY(~ REQsXsY?Z))
20 WRITE ¢(19100) Yy AHY
WRITE (1,200)
B0 30 Y = 0.01,LIMIT»INC
AHZ = CABS{HZ(FREQsXrY+Z))
30 WRITE (1,100) Yy AHZ
WRITE (1,200)
D3 40 Y = 0,01sLIMITsINC
E . AHT = CABS(HT(FREQs»XsYsZ+sBETA))
3 | 40 MWRITE (3,100) Y» AHT
WRITE (3,200)
DG S0 Y = 0.01,LIMITYINC
WRITE (3+100) Y» HR(FREQyXsYrZyBETA)
WRITE (3+200)
DO 60 Y = 0,01 ,LIMITyINC
60 WRITE (20100) Yy HF(FREQsXsYsyZsyRETA)
WRITE (2»200)
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; :
e CLOSE (1) 3
CLOSE (2) E
3 E CLOSE ¢3) g
- 100  FORMAT (1FE10.371Hs»1PE10.3) g
= 200  FORMAT (11H1.E37,1.E37} :
3 i ENI E
L ; 07/21/80
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POINT AC SUER TCQ SUER

TARLE 3.16

COMPLEX FUNCTION HX(FREQsXsY 2D

COMMON DEFTHsFPIsF

COMFLEX GAMMAL

RZERDO = SORT(XXX2 1 Y£%2)

GAMMAL = CSGRT(CHPLX(O.0sFREQX(FIXX2)X32.E~7))
HX = P/ (2P IX6GAMMAL)

HX = HXXCEXP{GAMMALX(DEFTH t Z))/(RZEROXX3)

HX = 400, 3FITXAHXRIRC(XXY) /7 (RZERO%X2))

RETURN

END

COMFPLEX FUNCTION HY(FRERsX»Ys2)

COMMOsd DEFTHsFIFP

COMPLEX GaMMAL

RZERDO = SRRT(XXXZ + YX%k2)

GAMMAL = CSORT(CHMFLX{(O.OyFREQX(FIXX2)X32.E~-7))

HY = F/(2XFPIXGAMMAL)

HY = 400 ¥FIXHYXCEXF (GAMMALX(DEFTH + Z))/(RZEROXX3)
HY = HY X (2XR(Y4XX2) - (X%(k%2) )Y/(RZEROXX2)

RETURN

END

COMFLEX FUNCTION HZ(FREQsXsYs2Z)

COMHMON DEFTH-FIsPF

COMPLEX GAMHMAL

RZERD = SORT(X¥%X2 + YX%2)

GaMMAl = CSQRT(CMFLX(0.0sFREQX(FIXXR)I%32.E-7))
HZ = 3.%XF/ (2%XFIXGAMMALIXGAMMAL)

HZ = HZXYXCEXF(GAMMAIX(DEFTH + Z))/(RZEROXXI)
HZ = 400.%FIkH/

RETURN

END

COMPLEX FUNCTION HT(FRE@sXrsYsZsRETA)

COMPLEX HXsHY HZ

SRETA = SIN(BRETA)

CzETA = COSCEBETA)

HY = HX(FREQ:rXsYrZ)XCBETA/1.76 ~ O.823XHZ(FREIsXsYs2Z)
HY = HT + HY(FREQs XY+ Z)XSBETA/1.76

RETURN

END

FUNCTION HP(FREQsXsYsZsRZ73)

COMPLEX HXsHY HZ HT

HF = ATAN(AIMAG(HT(FREQ:XsY+-ZsBETA) ) /REAL(HT(FREQ+Xs»YsZ-BETN) D))
RETURN

ENE

FUNCTION HR(FREQ:XsYsZsBETA)

COMPLEY HX HY»HZ

SBETA = SIN(BETA)

CRETA = COS(RETA)

HR = REAL (HX(FREQsXrY+»Z))XCBETA/1.76 - O.823XREAL(HZ(FREQsXrY:Z))
HRE = HR + REAL(HY(FREQsXsYrZ))XSRETA/1.76

RETHRN
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END

COMPLEX HXsNYsHZyHT
DEPTH = ~76.2
COMMON DEPTHsFI.F

X = 152.4
FI = 3.14159
F = 50.0

OFEN (1,"ACP2SFI* yACCESS="ASCII®)
OPEN (2,"ACF2SFFL"yACCESS= *ASCII")
OPEN (3y"ACP2STFD"yACCESS="ASCII")
FREQ = 1.

PRINTy *WHAT IS THE HEIGHT®

INPUTy Z

PRINTy °"WHAT IS THE UPPER LIMIT FOR Y AND ITS INCREMENT®
INPUTy LIMITyINC

PRINTy "WHAT IS THE ANGLE FOR EARTH MAGNETIC FIELD®
INPUT» ANGLE

BETA = ANGLEXPI

0 10 Y = 0.01,LIMITSINC

AHX = CABS(HX(FREQ»XrY+»Z))
WRITE(1,100) Ys AHX

WRITE (1,200)

DO 20 Y = 0,01sLIMIT»INC

AHY = CABS(HY(FREQsXsY9Z))

WRITE (1,100} Y» AHY

WRITE <(1-,200)

Do 30 Y = 0,01yLIMIT»INC

AHZ = CABS(HZ(FREQsXsY+Z))

WRITE (1,100) Yy AHZ

WRITE (1+200)

DO 40 Y = 0.01sLIMITsINC

AHT = CABS(HT(FREQ»X»Y»Z»BETA))
WRITE (3,100) Yy AHT

WRITE (3+200)

g S0 Y = 0.01sLIMIT»INC

WRITE (3,100) Yy HR(FREQsXsYsZyBETA)
WRITE (3+200)

DO 40 ¥ = 0,01 sLIMIT»INC

WRITE (2+100) Yy HP(FREQsX»YsZyBETA)
WRITE (2+200)

CLOSE (1)

CLOSE (2)

CLOSE (3)

FORMAT (1PE10.3+1H»+1PE10.3)

FORMAT (11H1.E37+1.E37)

END
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4 INFINITESIMAL DIIC HED
FUNCTION HXu XeYo70
FOMRON BEFTHCF
oo 0 HLETH
RHID = SORTOR%ED? O+ YaxD
RONE - SURT(RHOXRZ + HXE¥D)
FIY = FkXEY DY RHOXXD)
. oo kMXR: ZHOORONFX(RONEXX?)) + 2¥(ZH/RONE —1)/(RHOX%X2))
RE TURN
CNH
FfNi“nN HY(ZeYs7 )
COMMON DEFTHE
J - DEFTH

A
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oy

A
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SORT(RHOYXY2 4+ ZHXXZ)

S

F-

RONE

HY = —~{(ZHRIYXXZ) )/ (RONEXEZ) + (X¥X2 -~ YXXZ,¥(ZH/RONF ~ ! ‘RET~ E

MY :‘_t-’_‘:{;,g;iﬁruv/ IIZH li()y’i‘\ %

SR T _:%

Eai %
FUNCTION HZ(xsY2Z) %

Compldh DEPTHSE E
o= I - HEFTH

RHO = SuRTOXRE2 + YXX2)

EONE = SQETORHOXED + ZHXX2)

HY = 100%H%Y 7{RONEX(RONEXX2))

RETURN

ENL

FURNCTION HT(XY«Z:RETA)

SERETA = SIN(BETA)

OREYA = [Oa5{(heTa)

HT = MY Y-Y.7:%LBETA/1.76 4+ HY{(XyY+Z)YXSBETA/1 .76 — O.823%¥H77 -

RETURN
END
“Gﬂﬁﬂﬁ LL. el F

P o= 3.143159
OQFEN (1, *0TIFTELD® rACCESS="ASCTI ")
ENDFILE
FRINT. "WHAT IS THE HETHGH
INFUT. 7
PRINT. "WHAT 75 5 LInIT FOR Y AND ITS INCREMENT®
INFUT . 1 3IMTT. I8
FRINT, "WHAT 7Y THE ANGLE OF THE EARTH MAGNETIC FIELDS
INFUT . AN -
BETA - S0 PR
ftg 1 s =L IMITSIIMITy ING
10 WRITE (1,100) Y -HX{XsY Z)
11300
Yo ~LIMIT.LIMITYINC
20 1?15’()) Yv HY"’X?Y!Z)

byl
fo
o,
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WRITE (1,400)
DO 30 ¥ = ~LIMITsLIMIT,INC
30 WRITE (1s100) YsHZ(X2YsZ)
WRITE (1-400)
0 40 Y = ~LIMIT,LIMITyINC
40 WRITE (15100) YsHT(XsYsZsBETA)
WRITE (1,400)
CLOSE (1)
100 FORMAT (1FE10.3s1Hs+1PE10.3)
400 FORMAT (11H1.E37,1.E37)

:
=
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END
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X MODIFIED IMAGE FOR FINITE LENGTH NC HED

FUNCTION HX(XyYsZ)
COMMON BCON,DEFTH CURENTsLENGTH
REAL LENGTH

REAL K21 ,K22

XLP X + LENGTH/2

XLM X = LENGTH/2

IR = Z -BCONXDEPTH

XLPY = XLPXX2 + YX%2
XLMY = XLM¥X2 + YXx%2

ZRY = ZRXX2 + Yxx2

K21 SQRT (XLFX%X2 + ZRY)
K22 SORT (XLMX%2 + ZRY)

o

H

oo

HX1 = (1 - ZB/K22)/XLMY

HX2 = (1 - ZR/K21)/XLFY

HX = 100XYXCURENTX(HX1 - HX2)
RETURN

END

FUNCTION HY{XrY+2)

COMMON BCONsDEFTH»CURENTLENGTH
REAL K21,K22

REAL LENGTH

XLF X 4+ LENGTH/2

XLM X — LENGTH/2

ZB = Z -RCONXDEFTH

o

XLPY = XLP¥X2 + YX%2

XLMY = XLMXX2 + YX%2

ZBY = ZBXX2 + YXX?

K21 = SART(XLF%*%2 + ZRY)

K22 = SART(XLMA%2 + ZRY)

HY1 = (XLF/K21 - XLM/K22)XZR/ZRY
HY2 = XLP¥%{1 ~ ZR/K21)/XLPY

HY3 = XLM¥x(1 - ZR/K22)/7XLMY

HY = 100.¥%CURENTX(-HY1 + HY2 -~ HY3)
RETURN

END

FUNCTION HZ(XsYyZ)

COMMON BCONsyDEPTHyCURENTLENGTH
REAL R21,K22

REAL LENGTH

XLF X + LENGTH/2

XLM X - LENGTH/2

ZB = Z —BCON¥DEFTH

ZRY = ZBXX2 + YX%2
K21 = SART(XLF%%2 + ZRY)
K22 = SARTIXLMXX2 + ZRY)

HZ = 1002YXCURENTX(XLF/K21 - XLM/K22)/ZRY
RETURN

END

FUNCTION HT(XsY+ZsBETA)
SRETA = GIN(RETA)

CBETA = COS(RETA)
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nee (FPage 2)

HT = HX(XsYsZ)KCBETA/1.76 + HY(XyYsZ)ASBETA/1.76 — 0,823KHZ(XrYr2Z)
RETURN

END

REAL LENGTH

COMMON BCONyDEPTHyCURENT » LENGTH
DEPTH=-76,2

p CURENT = 1.00

3 BCON = 1,00

g LENGTH = 50,0

3 X=304.8

: PI = 3,14159

{ OPEN (1y*DCFIELD®yACCESS="ASCII")

.
—

ENDFILE 1
PRINTy °“WHAT IS THE HEIGHT IN METERS®
INPUTY Z
PRINT, *WHAT IS THE LIMIT FOR Y AND ITS INCREMENT®
INPUTy LIMITs,INC
PRINT» "WHAT IS THE ANGLE FOR EARTH MAGNETIC FIELD®
INPUTy A
BETA = A%PI
DO 10 ¥ = ~LIMIT,LIMIT,INC
10 WRITE (15100) >HX(XsYsZ)
WRITE (1,200)
DO 20 ¥ = ~LIMIT,LIMITyINC
- 20 WRITE (1,100) YsHY(XysYy»Z)
g WRITE (1,200)
DO 30 Y = -LIMIT,LIMIT»INC
30 WRITE (1+100) Yy HZ(XyYr2Z)
WRITE (1+200)
DO 40 Y = —-LIMITsLIMITyINC
40 WRITE (15100) YyHT(XyYyZyBETA)
WRITE (1,200)
CLOSE (1)
100 FORMAT (1PE10.3r1H»»1FE10.3)
200 FORMAT (11H1.E37+1.E37)
END
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INFINITESIMAL DIC HED FROM SUBSURFACE TO SUESURFACE
FORMULAE ¢(3.18) - (3.20) 1
FUNCTION HX{(XsYsZ)
COHMON DEFTH,F
ZHF = Z + DEPTH
RHO = SART(XX%2 + Y*k%2)
RTWO = SQART{RHOXX2 + ZHFX*2)
HX = (PXXXY)/(RHOX%2)
HX = 100 . ¥HXX(ZHF/(RTWOX%*3) + 2% (ZHF/RTWO + 1)/ (RHOXXZ))
RETURN
END
FUNCTION HY(X»YsZ)
COMMON DEFTH»F
ZH = Z - LEFTH
ZHF Z 1+ DEFTH
~HO SERT(X¥%X2 + YXX2)
RONE = SQRT(RHOXX2 + ZHXX2)
RTWO = SART(RHOXX2 + ZHPXX2)
HY1 = ZH/(RONEX%3) + ZHFX(X*X2)/C(RHOXX2)X (RTWOX%X3))
HY2 = (ZHF/RTWO + 1)k (XXX2 ~ YX%2)/(RHOXX4)
HY = —-100,kFX{HY1+HY2)
RETURN
END
FUNCTION HZ(XyY»2Z)
COMMON DEFTHsF
ZH = Z - DEFTH I
RHO = SART(XXX2 -+ YX%X2)
RONE = SORT (RHOXX2 + ZHXX2)
HZ = 100%FXY/ (RONEX(RONEXXZ2)) I

RETURN

END

FUNCTION HT(XrY+ZsRETA)

SRETA = SIN(RETAR) j
CRETA = COS(BETA)

HT = HX(XsYsZ)XCBETA/1.76 + HY(XyY:Z)XSRETA/1.76 - O.823KHZ(XsYy 1)
RETURN

END

COMMON DEPTH.F

BEPTH=-76.2

x=1

P = 50.0

FI = 3.1415¢9

OPEN (1 *"DCSURFI" »ACCESS="ASCII®)

ENDFILE 1

PRINTy "WHAT IS THE HEIGHT®

INPUTYY Z

FRINT, *WHAT IS THE LIMIT FOR Y AND ITS INCREMENT®
INPUT». LIMIT,INC

FRINT« *"WHAT IS THE ANGLE OF THE EARTH MAGNETIC FIELD®
INFUT, ANGLE

BETA = ANGLEXFI

0 10 Y= —LIMIT,LIMITyINC

A20




(Pade 2)

WRITE (1,100) YsyHX(X»Y»Z)
WRITE (1y400)
DO 20 Y= -LIMIT>LIMITyINC
20 WRITE (15100) Yy HY(X»YsZ)
WRITE (1,400)
Do 30 vy= ~LIMIT,LIMITyINC
30 WRITE (1+100) YyHZ(XsY+2Z)
WRITE (1,400)
DO 40 Y= ~LIMIT LIMITyINC
40 UWRITE (1,100) YsHT(XsY+ZyBETA)
WRITE (1,400)
CLOSE (1)
i00 FORMAT (1PE10.3+1Hys1PE10.3)
400 FORMAT (11H1.E37y1.E37)
END

i
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